Cardiac oxytocin (OT) is structurally identical to that found in the hypothalamus, which thereby indicates that cardiac OT is derived from the same gene and is an active form of OT. The abundance of OT and OT receptors in atrial myocytes shows that, directly and/or via the release of the cardiac hormone atrial natriuretic peptide, OT can regulate the force of cardiac contractions. Previous studies have demonstrated the role of OT in the myocardial inflammatory response. The mechanism by which OT elicits protective myocardial effects in the immediate post-transplantation period is not yet clear, and the role of the early phase inflammatory elements in this mechanism has not yet been studied. As a result, in this study, we have investigated the anti-inflammatory effects of OT on myocardial protection in the immediate post-transplantation period. Methods: Adult male Albino rats were grouped into: Sham, Control, and OT-treated groups. The control and treated groups sustained cervical heterotopic heart transplant. Myocardial injury was assessed by measuring: Plasma cardiac troponin I, myocardial proinflammatory cytokines, and histopathological assessment for score of injury, and degree of apoptosis. Myocardial myeloperoxidase, neutrophil infiltration, and neutrophil chemotactant agents, reactive oxygen species, and reactive nitrogen species formation all were measured in the myocardium after 3 hour of reperfusion to assess the neutrophil-dependant myocardial injury and the mechanism involved. Results: Oxytocin down-regulates the neutrophil chemotactant agents the KC/CXCL1 and MIP-2/CXCL2 which recruit less neutrophil into myocardium, this decrement in myocardial PMN infiltration is associated with less reactive oxygen species and reactive nitrogen species formation in the myocardium after 3 hours of global ischemia reperfusion. These oxytocin-induced down-regulation inflammatory and oxidative processes will end in less myocardial injury through impedance in the post-myocardial ischemia/reperfusion apoptotic process. Conclusion: Oxytocin ameliorates myocardial injury in heart transplant through down-regulation the myocardial inflammatory response, reactive oxygen species, and neutrophil-dependant myocardial apoptosis.
INTRODUCTION
O xytocin (OT) is a hormone and neurotransmitter whose primary function is typically associated with being a neuromodulator in the hypothalamus. [1] Although it is best known for its role in female reproduction, it is also significantly involved in social recognition and bonding, [2] as well as empathy and stress reactivity. [3] It is a nonapeptide with the systemic name, cysteinetyrosine-isoleucine-glutamine -asparagine-cysteineproline-leucine-glycine-amine.
Research has shown that OT and OT receptors are present in the heart as well. [4] In a specific study, OT synthesis and release were reported in all four chambers of the rat heart. The study demonstrated that cardiac OT is structurally identical to that found in the hypothalamus, which thereby indicates that cardiac OT is derived from the same gene and is an active form of OT. [5] The OT and OT receptors in atrial myocytes directly and/or via the release of the cardiac hormone atrial natriuretic peptide, [6] can regulate the force of cardiac contractions. [5] Furthermore, a number of studies have shown that the perfusion of isolated rat hearts with OT can lower cardiac flow rate and result in bradycardia. [1] The negative chronotropic inotropic effects of OT in the heart were examined in a particular study of isolated dog right atria in the absence of central mechanisms. The perfusion of the atria through the sinus node artery with 10 (−6) mol/L of OT for over 5 minutes significantly lowered both the beating rate and force of contraction. [1] The results were further confirmed by follow-up studies. In one instance, co-perfusion with 10 (−6) mol/L of OT receptor antagonist completely inhibited the effects of OT on the rate and force of contraction. [1] Hence, these studies demonstrate the negative chronotropic and inotropic effects of OT.
While there is increasing evidence regarding the homeostatic functions of cardiac OT, research is budding on the multi-faceted cardio-protective role of this hormone in the injured heart. [7, 8] One specific study examined the effects of OT infusion on inflammation in the acute and sub-acute phases of a myocardial infarction. [9] In this study, OT infusion resulted in the suppression of inflammation through a diminution of neutrophils, macrophages, and T lymphocytes. It also caused an obstruction in the expression of proinflammatory cytokines: Tumor necrosis factor-alpha and interleukin-6. [9, 10] Thus, the results show that continuous OT delivery causes a reduction in inflammation, thereby ameliorating the function of the injured heart.
Although still in the initial stages of investigation, research on the effects of OT on inflammation related to heart injury is extending to the field of heart transplantation. The early inflammatory response is addressed by neutrophil infiltration into inflammatory sites including ischemic tissue which is directed by chemoattractants including KC/CXCL1 and MIP-2/CXCL2. [11] [12] [13] [14] In addition to directing neutrophil recruitment, stimulated neutrophils release granules containing proteases, cytokines, chemokines, and other chemoattractants that amplify the intensity and extend the duration of tissue inflammation. [15, 16] In reperfusion phase RNS and ROS formations are involved in the early myocardial injury through upregulation of apoptosis. [17, 18] The mechanism by which OT elicits protective myocardial effects in the immediate post-transplantation period is not yet clear, and the role of the early phase inflammatory elements in this mechanism has not yet been studied. As a result, in this study, we have investigated the anti-inflammatory, the possible antiapoptotic and antioxidant effects of OT on myocardial protection in the immediate post-transplantation period.
Objective
This study is designed to assess the protective effects of OT in myocardial injury induced by global ischemia reperfusion injury.
MATERIALS AND METHODS

Animal design
Adult male Albino rats weighing 220-280 g and ages ranging from 3 to 4 months were housed in the animal shelter in a temperature-controlled (25°C) room with alternating 12-h light/12-h dark cycles. They were allowed free access to water and a chow diet until the start of the experiments. The Institutional Animal Care and Use Committee of Howard University reviewed and approved the experimental design of all animal experiments. After the first week of acclimatization, the rats were randomized into three groups. There were 12 animals in each group, the groups included.
Sham group
A group in which the animals received anesthetic medications and cervical incisions.
Control group
This is where the animals underwent heterotopic cervical heart transplants.
OT-treated group
The recipient animals in this treatment group received OT (600 ng/kg). intraperitoneally 60 minutes before heart transplantation, different doses of in previous studies were used in myocardial ischemia in rat and in different timing, we used this dose and timing as we found it more effective in protection. The doses were repeated immediately after transplantation. [8] Anesthesia and surgical procedure Intraperitoneally injections of a mixture of ketamine and xylazine were given to the rats in a dose of 100 mg/kg and 10 mg/kg, respectively, in order to anesthetize them and render them unconscious within 5-10 minutes.
Surgical procedure
A cervical heterotopic heart transplantation (HHT) was carried out by using the cuff method. [19] Animals were intraperitoneally anesthetized with 100 mg/kg ketamine and 10 mg/kg xylazine. [20] Donor operation A transverse abdominal incision was performed. The viscera were slightly retracted to the left side, and 100 U of heparin was injected through the infrahepatic inferior vena cava (IVC). Approximately 3 minutes later, the thorax was opened through left and right dorsolateral incisions with a pair of rigid scissors, and the diaphragm was separated from the anterior chest wall at the same time. The right superior vena cava (SVC) was ligated and cut off at the distal side of the ligation with a segment of the suture left. The first branch of the aorta was ligated with a 6-0 silk suture, and the suture was retained to the first branch of the aorta. After cutting the aorta at the site distally close to its first branch, the heart was gently pulled upward by the silk sutures, which were attached to the right SVC and the first branch of the aorta. Retraction was maintained with forceps that were fixed to the corkboard. The left SVC, pulmonary arteries, pulmonary veins, and azygos vein were then ligated together with a 4-0 silk suture. Then, the heart was harvested from the donor and stored in a cold lactated Ringer's solution.
Recipient operation
A right anterolateral incision parallel to the neck was made. The jugular vein was isolated from its incoming branches. An 18-G cuff was sleeved, everted, and secured with a circumferential 6-0 silk suture using the conventional method that was previously reported. An 18-G cuff was always attached in this HHT series. The common carotid artery was ligated as far away from the subclavian artery as possible, and the manipulation was very gentle in order to prevent the injury of the endothelium and the formation of a thrombosis. The cuffing techniques of the artery were the same as those used with the jugular vein. After making a stay suture in the posterior wall of the right SVC of the graft heart, the graft was gently slipped over the cuff that had been fixed to the jugular vein of the recipient, and secured with a circumferential 6-0 silk suture. The anastomosis method between the donor aorta and the common carotid artery of recipient was the same as that used for the vein. A final step was removing all the bulldog clamps and making sure that the beating graft was working well with no congestion.
Myocardial perfusate
After removal, the donor heart was immediately immersed in a Ringer's lactate solution. As the myocardial perfusate cooled to 4°C, OT (120 ng) was added to 10-ml perfusate in the treatment group, to yield concentration of 1200 ng/ml.
Cold myocardial ischemic time
After the donor heart was removed, it was immersed in a myocardial perfusate for 3 hours in both the control and treated groups.
Plasma and myocardial homogenate protein assay
The collected blood from each rat was centrifuged (in 10000 RPM, for 10 minutes at 4°C) and the yielded plasma and myocardial homogenate samples of each animal was subjected to protein assay for different chemokines including: IL-1β, cTn-I, and tumor necrosis factor-α (TNF-α).
Assessing myocardial injury
Myocardial injury during ischemia reperfusion injury was assessed through the following:
Measurement of cardiac troponin-I
Measurement of cardiac troponin-I in rat plasma (cTnI). [21] 
Measurement of TNFα
This ELISA (Enzyme-Linked Immunosorbent Assay) kit is an in vitro enzyme-linked immunosorbent assay for the quantitative measurement of rat TNF. [22] 
Measurement of IL-1β
This ELISA (Enzyme-Linked Immunosorbent Assay) kit is an in vitro enzyme measurement tissue of IL-1β. [23] Myocardial histopathology After 3 hours of heterotopic heart transplantation, the hearts were excised. The process of the slide preparation for the histopathological examination started with tissue fixation by 10% formalin, paraffin embedding, and staining with hematoxylin and eosin (H and E). Myocardial injury at the histopathological level was assessed based on the morphological criteria [24] and scored as follows: Score 0, zero damage; score 1 (mild), interstitial edema and localized necrosis; score 2 (moderate), widespread myocardial cell swelling and necrosis; score 3 (severe), necrosis with contraction bands, neutrophil infiltration and compressed capillaries; and score 4 (highly severe), diffuse necrosis with contraction bands, neutrophil infiltration, compressed capillaries and hemorrhage.
Assessment of the amount of neutrophil infiltration
As previously stated, the process of slide preparation for the histopathological examination began with tissue fixation with 10% formalin, paraffin embedding, and staining with H and E. Then, with oil immersion ×40, the neutrophils were counted in the studied groups in the examined field.
Assessing myocardial neutrophils infiltration through myeloperoxidase activity assay
Myocardial myeloperoxidase (MPO) activity is a marker of neutrophils infiltration, using method of Curtis et al., [25] MPO is assessed in sham, control, OT-treated myocardial tissue samples collected and freezed in −80°C. Homogenization was done as follows: Myocardial tissue was homogenized in 0.5% (w/v) hexadecyltrimethylammonium bromide in 50-mM potassium phosphate buffer (pH 6), in the ratio of 1-ml hexadecyltrimethylammonium bromide to 100 mg of tissue. The homogenized myocardial tissue was centrifuged at 13000 RPM for 20 min at 4°C. Supernatant samples were frozen at −80°C. The measurement myeloperoxidase activity: 50 μl of each sample was added to 50 μl of o-dianisidine dihydrochloride (0.025% v/v in phosphate buffer with 0.5% hexadecyltrimethylammonium bromide) in a 96-well plate. Fifty microliters of 0.01% v/v hydrogen peroxide was added and the increase in optical density at 510 nm was measured over 3 min. Duplicates were run for each sample, and the average value was used to calculate the number of units of MPO present by interpolation with a standard curve established using dilutions of a commercially available preparation of human neutrophils MPO. Protein in the supernatant was then determined according to the bicinchoninic acid method by interpolation with a standard curve established using dilutions of bovine serum albumin. Duplicates were run for each sample, and the average value was used for the calculation of protein content MPO concentration was expressed as units MPO per mg protein.
Measurement of neutrophil myocardial chemotactant agents
In sham group and after 3 hour of global myocardial ischemia reperfusion in the studied groups the CXCL1/CINC-1/KC and MIP-2/CXCL2/Rat CINC-3 concentrations were quantitated by Quantikine_Rat Immunoassay (R and D Systems) in the homogenized myocardium and processed according to kit recommendations.
Assessment of reactive oxygen species in the myocardial rats through oxidative stress measurement
GSH myocardial level was measured using Quantichrom TM glutathione assay Kit (from BioAssay Systems, USA). MDA, the end product of lipid peroxidation, was analyzed according to the method of Buege and Aunt [26] which based on the reaction of MDA with thiobarbituric acid (TBA) to form MDA-TBA complex, a red chromophore, which can be quantitated spectrophotometrically according to this method.
Assessment of reactive nitrogen species levels in rats myocardial tissue NOx (nitrite and nitrate, stable metabolites of NO)
Quantity in supernatants was determined by the Griess reaction and assayed utilizing a NOx concentration assay kit (R and D Systems). Nitrotyrosine is represented the in vivo ONOO¯ The concentration of nitrotyrosine in rat cardiac tissue homogenate was determined via ELISA kit (Cell Sciences Inc., Canton, MA, USA), as previously described (Fan et al. 2005 ). In the homogenized myocardium and processed according to kit recommendations.
Determine myocardial apoptosis quantitatively
Apoptosis Detection Using Terminal Transferase and Biotin-16-dUTP (TUNEL Enzyme Method).
Description
This protocol is used for detection and quantification of apoptosis (programmed cell death) at single cell level, based on labeling of DNA strand breaks (TUNEL technology). Cleavage of genomic DNA during apoptosis may yield double stranded as well as single-strand breaks ("nicks"), which can be identified by labeling free 3'-OH terminal with modified nucleotides in an enzymatic reaction.
Positive controls 1) Incubate sections with DNase I (3000U/ml in 50 mM
Tris-HCl, pH 7.5, 1mg/ml BSA) for 10 minutes at 15-25ºC to induce DNA strand breaks, prior to labeling procedure. 2) Using known positive control is an alternative.
Negative control
Incubate sections with label solution only (without terminal transferase) instead of TUNEL reaction mixture. It is done according to protocol of life science products and Services Company. In this procedure, apoptotic nuclei are stained blue. TUNEL-positive myocytes were determined by randomly counting 15 fields for each tissue section then calculate the average no.
Statistical analysis
Statistical analysis was performed with an ANOVA analysis to explore all possible comparisons of means comprising a factor using the equivalent of multiple t-tests. This procedure was named the Least Significant Difference (LSD), and a variable is considered significant if P < 0.05.
RESULTS
Rats treated with OT have decreased myocardial injury marker after global ischemia reperfusion injury
There are consistent differences between cardiac troponin-I levels in rat plasma cTnI (ng/ml). In rats treated with OT, the cTnI (ng/ml) in the rat plasma levels has an average of 4.26 ± 0.10, while the untreated group has an average of 9.52 ± 0.24, and the sham group has an average of 1.36 ± 0.4. This is shown in Table 1 .
OT reduces tNF-α and IL-1β post-global ischemia reperfusion injury
The levels of TNF-α and IL-1β were up-regulated in the control group compared with the OT-treated group. Both these proinflammatory chemokines are sensitive biomarkers of tissue injury in laboratory animals Table 1 .
Rats treated with OT have a reduced myocardial injury score after global ischemia reperfusion injury
Again, there are consistent differences between the OT-treated group and the control regarding the myocardial injury score. In rats treated with OT, the score has an average of 4.51 ± 0.69. The untreated group has an average of 8.53 ± 0.28, and the sham group has an average of 1.02 ± 0.05. This is shown in Table 1 , Figures 1a (sham) , 1b (control), and 1c (OT treated).
Rats treated with OT have reduced neutrophil infiltration
Under a high power microscope H/E staining, significant differences are evident in neutrophil infiltration among groups. There is significantly less neutrophil infiltration in the myocardium of OT-treated rats in comparison to the untreated group. This is shown in Figure 2 .
Rats treated with OT have reduced myeloperoxidase activity assay
MO assay has significantly lower activity in OT-treated group than control group. The myocardial tissue in the control set which sustained global ischemia reperfusion injury shows higher activity than the normal sham myocardium which reflected increased neutrophils infiltration in the globally ischemic myocardium. This is shown in Figure 3 .
Measurement of neutrophil myocardial chemotactant agents
KC/CXCL1 concentrations as shown in Figure 4a , global myocardial ischemia reperfusion exerts significant elevation in myocardial KC compared with sham group (3.07 pg/mg vs 0.001 pg/mg, P < 0.05), and OT-treated group has significant reduction in KC compared with control group (1.28 pg/mg vs 3.07 pg/mg, P < 0.05).
MIP-2/CXCL2/Rat CINC-3 concentrations shown in Figure 4b , global myocardial ischemia reperfusion exerts significant elevation in myocardial KC compared with sham group (0.3 pg/mg vs. 0.001 pg/mg, P < 0.05), and OT-treated group has significant reduction in MIP-2 compared with control group (1.14 pg/mg vs. 0.3 pg/mg, P < 0.05).
Reactive oxygen species in myocardium
After 3 hours of reperfusion, the myocardium shows marked elevation in MDA and reduction in GSH compared to sham group (0.32 μmol/g vs. 0. 0.048 μmol/g, P < 0.05 and 0.94 μmol/g vs. 3.0 μmol/g, P < 0.05, respectively, for MDA and GSH). OT-treated group myocardium shows significantly less increment in MDA, and significantly less decrement in GSH level compared to control group (0.106 μmol/g vs. 0.32 μmol/g, P < 0.05 and 1.63 μmol/g vs. 0.94 μmol/g, P < 0.05, respectively, for MDA and GSH). As shown in Figures 5a and b .
Reactive nitrogen species in myocardium
After 3 hours of reperfusion the rats myocardium in myocardium shows significant elevation in NOx (nitrate/ nitrite) and nitrotyrosine levels compared to sham group, (1.35 mmol/g vs. 0.25 mmol/g, P < 0.05 and 2.5 nmol/g vs. 0.20 nmol/g, P < 0.05, respectively, for NOx and nitrotyrosine). OT-treated group myocardium shows significantly reduction in NOx, and nitrotyrosine 
OT has antiapoptotic action
As shown in Figures 7a and b , tissue section from OT-treated animals processed for TUNEL staining shows significant reduction in apoptotic bodies after 4 hour of global ischemia reperfusion compared to control group. Figures 7a and b show average apoptotic bodies seen in 15 fields for each tissue section in the three studied groups.
OT has no significant effect on heart rate in a transplanted heart
There are no consistent differences between the OT-treated group and the control regarding the heart rate in the transplanted heart. Rats treated with OT have an average of 594 ± 23.19 beats/minute. The control group has an average of 603.16 ± 17.80 beats/minute (P > 0.05), and the sham group (P < 0.05) has an average of 512.23 ± 12.76 beats/minute. This is shown in Table 1 .
DISCUSSION
Heterotopic heart transplantation is considered a global myocardial ischemia reperfusion injury and this will induce systemic inflammatory responses in the myocardium. This inflammatory response will augment myocardial injury. [27] This study clearly shows that the control group has a significant elevation in myocardial proinflammatory cytokines and plasma cTnI. Also, there is significant myocardial damage compared to the sham group. The association of this inflammatory change with myocardial tissue damage after heterotopic heart transplantation is already well observed in many previous studies. [28] Research demonstrates that OT is already well known for its negative chronotropic and inotropic effects. [1] In our research, we observed the chronotropic effects of OT, and the results show no significant difference between the control and OT-treated groups. However, there is a significant difference in the heart rate of animals receiving OT before heart transplantation. This may be explained by the fact that the SA node may be damaged during cold preservation, [29] which is why, during myocardial preservation; the myocardial perfusate (with OT) will not affect the heart rate.
The OT-treated group displays significant myocardial protection against global ischemia reperfusion injury. However, this protection is not through an OT negative chronotropic effect.
Nonetheless, this group shows significant myocardial protection and is associated with the expression of less proinflammatory cytokine, less myocardial injury markers, and less neutrophil infiltration. The association of OT and anti-inflammatory potential is also known from previous studies; one of the theories to put mechanism for this effect is that OT may induce elevation in corticosteroid tissue level which will inhibit neutrophil infiltration to the target tissue. [30, 31] Reperfusion of the globally ischemic myocardium will be a signal not just for recruiting more neutrophils but also increases the grade of neutrophils activation which will emit more free radicals and reactive oxygen molecules which in turn augment tissue injury after reperfusion. [32] This will be a vicious circle that is the more injury then the more neutrophil infiltration.
This study clearly shows that OT decreases neutrophil recruitment in the reperfused myocardium but this decrement is not paralleled to the more downregulation of MPO induced by OT, as it causes approximately one-third reductions in neutrophils in target zone compared to two-third reductions in MPO activity. So OT induces less neutrophil recruitment but with more downregulation in its MPO activity resulting in less global myocardial ischemia reperfusion injury. It had been known that RNS not ROS has a critical role in mediating myocardial apoptosis during regional ischemia reperfusion. [17, 18] NO, superoxide reaction increases rapidly during myocardial I/R resulting in more harmful species, among those the ONOO¯ which is the most myocardial injurious agent. ONOO¯ is known for its triggering apoptotic activity in myocardium, [17, 18] as it reacts with most molecules in tissue including lipids and proteins and through this reaction it causes myocardial tissue injury. [18] This study demonstrated that oxytocin downregulates the neutrophil chemotactant agents the KC/CXCL1 and MIP-2/CXCL2 which recruit less neutrophil into myocardium, this decrement in myocardial PMN infiltration is associated with less ROS and RNS formation in the myocardium after 3 hours of global ischemia reperfusion. These oxytocin-induced downregulation inflammatory and oxidative processes will end in less myocardial injury through impedance in the post-myocardial ischemia/reperfusion apoptotic process.
CONCLUSIONS
Oxytocin ameliorates the immediate myocardial injury in heart transplant through downregulation the myocardial inflammatory response, reactive oxygen species, and neutrophil-dependant myocardial apoptosis. 
